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1. This is the tenth partial report on Task Assignment ] S
NPG~15-Pe2d~64-14 the "Develog:ent of a Cool Propellant for SR R |
the 3"/50 Caliler Gun", the sixteenth partial report on Task P T

Assignment NPG-l4-Re2d=62-1, the "Development of a Cool L ke
Propellant for ‘the 3"/70 caliber Gun", the third partial : '

| . report on Task Assignment NPG-1l3-Re2a-184-3, the "Development _ Tt
of Ignition Systems for "Cool" Propellant Charges", and the SO
P final report on "Ballistic Test of Cool Propellants Ex=6735, A ST 8

RN i Ex~6721, and INPB-S-83C. o
' 2. From the results of t‘.xé subject 'é_ests, it is concluded thats ””“%’

" A e T A ST N
= i o A

R

&3

. 5'9 ¢ . g
%‘ g ® )
Lo I

2.

Y
0 .7 8 a
R,

3,

8

s

N
P e

pressure<rise section but was much bettsr than the ones obtained
with IHPB-S-83C using the Mk 42 primer and with NFFB-223 using
i the XC-D22/250 primer. No carbon deposits were obtained with -
£} IHPB=-S=83C, _ ' S

@ Ez-6735 with the XC-D22/250 primer gave as mush or more
@ black smoke than the ocher non-plirite powders at service charge
; g._ri‘fc% the exception cf Ex-6721 which produced siightly denser
Smokeo o ' T

r , a. Ex=06721 was too fast for the 3"/70 large chamber gun and s “ e
= e £ too slow for uwse in the 3"/50 caliber gune _ . .
o o fit ) ) ) _ : ‘ R s R el SR o -
N Rty b, Ex-6735 was ballistically suitable for use in the 3"/50 =y
o] e caliber gun with the XC=-D22/250 primer. The pressure-time FE ANy
s i records obtained with the Mk 42 primer plus 2 empty pyralin = I
SR (g containers were fairly smooth while those obtaine” with.all P L
g othér ignition systems had slight stéps in the pressure-rise ’
T §§§j section of the curves. o ‘ - P
T B {% co. IHPB-S=83C with the XC-D22/250 primer was too slow for
) A .,4', N use in the 3"/50 caliber gun but was balllistically satisfactory
-8 t;,; with the Mk 42 primer. Thé pressure-time curve obtained@ with
AR i IHPB=S=83C and the XC-D22 25‘8 primer had a slight step in. the
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{l s-nau‘_-ﬁhu-nn_ﬁlfﬂl&a‘nh'-@’dpn-n&nh‘ﬁpﬁ ; j’ :.be,
o A ., L
g ee The smoke was similar in appearance (i.e. black) for - L%Z
B both single and double-base ¢ool non-picrite (DBF) propeliants. AT O
?. on flashless rounds, with the excéption of IX-29 (single-base) o Tl
i and IX-3) and IX-32 (double-base) which gave dark grey smoke, B R
i Flashing rounds in gensral produceg brownish smoke although U P
o low intensity flashes were frequentiy accompanied by browm and ; e
% B black or brown and grey smoke. : 5
- “:7;‘ L ; S . :c‘.ﬂ R s
. ‘é " e A relationship exists between the amount of black smoke - R (R
S , produced and the ignitlon systems used with cool non-picrite (DBP) S L
e ‘ powders and is dependent on the occurrence or non-occurrence of I SR
Yoo o) flashe. Carbon deposition was only slightly affected by changes in - o0
| L ignition. : : 2! s
a:;;° Be Tﬁpre is no apparent éorrelation between the abpearancé 2 ]
e : of black smoke &nd carbon deposits produced with non-picrite :
RS propellants and ballistic regularity or the smoothness of the
o2 ik N pressure-time curvese ] .
:ﬂ: ' 17 h. The extent of carbon deposition, while not serious enough
O [ to cause mechanical difficultics in a few rounds of slow gun
v . gigings, is greatly aggravated during extended rapid fire con-
P tions,.
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It is evident that the carbon deposits causing gun
operating failure are not due te 2 few unusual rounds but to a

cumulative effects .
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j i 1. AUTHORITY: =
25§;;; ; References (z) through (h)} ' o "fé
1 - l 2, REFERENCES: | ' | B
. o . i 5 ) ) . i
ey ; a. Task Assignment NPG=15-Re2d=64-1 of 14 June 1949, : (
% ; b. Task Assignment NPG-l4<Re2d-62-1 of 14 June 1949, . ' .
RIS ; co. Task Assignment NPG-13-Re2a~=184-3 of 10 December 1948. y
SRS B do BUGRD 1tr NP9 Re2d-CNBiltm Ser 12612 of 6 October 1950. »

Rk @s BUORD ltr §=78-1(3") Re2d-CNBsaph Ser 13763 of 3
Ce "l 8 November 1950, ) _ _ =
AT f. BUMD ltr §PY Re2d-CNB:1tm Ser.10288 of 25 July 1950. o
s ge BUORD 1tr NP9 Re2d-CNBsaph Ser 16707 of 2 February 195i.

‘ i he BUORD 1tr NP9 (Re2a~184-3) WES:blm of 10 December 1948,

4

; ie NPG Report No. 602 of 7 August 1950.

: Jo NPG Report Nos 636 of 31 August 1950,

i ko  NPG Report No. 640 of 18 September 1950. >
I

AP
- NP .

1. Description Sheets of Manufacture and Closed Bomb Datas | =
3: BACKGROUND: ' : :

References (a), (b), and (¢) Set up the general tasks for the S
development of cool powders for the 3"/50 and 3I"/70 caliber guns i
and the development of ignition systems for cool propellant : g
r charges respectively, Reéference (d) requested that Ex-6735 be e
) fired for ballistic assessment in the 3"/50 caliber gun and 5
& described it as a ecool, single-base non-picrlte propellant, with oé)
o a calculated flame temperature of 1883°K. Reference (e) requested =
it that the Naval Proving Ground investigate the occurrence of carhon
¥ deposits and black smoke, which was observed during rapid fire
8 erosion studies of Ex-6735 in the 3"/50 caliber gun, and compare
| the amount and frequency of the carbon deposits and black smoke
to that obtained with .other non-picrite (single and double=base)
powders. Reference (f) requested that Ex=6721 be fired for
assessment in the 3"/70 caliber gun and described it as a single- _
base non-piérite propellant containing 1% lead carbonate with a W
calculated flame temperature of 1876°K, Reference (g} requested SRR
that IHBP sample 83C be fired for ballistic assessment and RS
observance of carbon deposit in 3" guns and described it as a S
; cool single=-base powder, without dinitrotolucne or divutylphthalate,
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| P : with a calculated’ flame temperature of 2123°K, Reéeference (h) ) } ool
| R : requested that the Proving Ground conduct ignition and ballistic ) .z‘a,-'%; %
> % research on cool propellants as necessary to develep optimum N . e
Y ignition systems for various guns., References (i), (J) and (k) . L |
R are reports o6n previous tests conducted with cool non-picrite R ®
T . i powderse R ' . -
| R %é‘ . : %
el 4. OBJECT OF TEST$ - _ _ i
LA °,,/'\ %g_ H
Tk b as To determine whether Ex-=-6735 is ballistically suitable ; T
ey | h for use in the 3"/50 caliber gune : =
';‘.'- . - 4 z.ji
be To inves stigate the carbon deposits resulting from firing . AT
ISP | of cool, mon-picrite propellants in 3" gunse - _ = sl
Pl X ?: B = 3 - -“:
3 ° % ! c. To determine whether Ex=0721 “i's pallistically suitable : RTINS
i for use in the 3"/70 caliber gun, P R |
o7, Y ‘mi \ g R O‘i}. .
RN ‘s d. To determine whether IHPB-S-83C is ballistically suitable 7
R iy for use in the 3"/70 or 3"/50 caliber guns and to note the extent S ST
B B and nature of any carbon depositse . . - . 4
“? i 2 e. To establish a suitable ignition system for various cool o~ ",
o] %J powders. : , # o
. _$°o«s ' $ . , 3o v e
to g8 3 5. PERIOD OF TEST: REOE
g@;‘:‘;‘if : 13' . . . 5 . N 0(‘ ; . {.a;
i | i "a. Dates Projéct Letters: 14 June 1949 : ) Loeet
el y : ) E ) - 25 July 1950 : . e
3 6 October 1950 N
i 8 November 1950 - ol
i . ) - 2 February 1951 <
% be Date Material Recéiveds R : = 2%
; Ex«-6721 7 July 1950 Ly BT
. Ex=6735 4 QOctober 1950 SRR (ol
B} IHBP-8=83¢ . 2 February 1951 , A A
g;%‘ N ‘4: 4.
P c.. Date Commenéed Tests 26 July 1950 RO ¢
S e | S ) - ) ] 1.
; iqoe d, Test Completed 6 Mareh 19-:1
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PART C

B ‘ ~ DETAILS. OF TEST

S ———fa g e o s ARG N T e S anwe,
5 “ R

‘6o DESCRIPPION OF ITEMS UNDER TEST:
i . . , : .
3] Reference (1) gave in detail the powder description and
coEl E ) closed bomb data, A summary of the data followss ,
& K I Actunl Compogitioh Ex=672)  Ex-6735  IHPB-S-83C _
e L _ Nitrocellulose (%) 75.07% 74,924 88,52% 2,
e it Dinitrotoluene 12.80 - 13,01 i
SN Dibutylphthalate 1108 - 11.27 - =
e : -Diphenylamine 1.09 1,00 -
sl Lead Carbonate (added) - 0,76 - e

Ethyl-Centralite - - ,
Total Volatiles 0.76 - 0042 4448

. % Ex-6721 and Ex-6735 = (13.208N)

SNpRV

e

THPB-5-83C = (12,61%N) o : -
Refe:enée (1)‘also gave the following informations ‘ if

Plams GFain Difisnsions : I oo
o Téempo  Length  Diams  Ave Wob  Noo of  RQ RF .
Semple %K _(in.) (in,) (in.) ~ Perfs. (%) %) =

Ex-6721 - 1876  0.486 0,1852  0.0327 7 117.1(s) 98.1(a) - o o i
Ex-6735 1883 044300 0.1355  0.0275 7 105,5(b) 101.3(v) o Fest
THBP-8-83C 2123 0,476 ~ 0,186 0,029 7 76.2(c)  89,8(c) N S Sk I
(a) Based on Ex-6688 as 100% at 90°F
(bg Based on Ex=6722 as 100% at 90°F - U
{e) Based on NPFB-223 as 100% at 9Q0°F , ‘ I St P

References (1), (§) and (k) gave similar information : |
regarding other non=picrite powders used in the subject tests. I A

= Aharan w4

i o

by LYty
v s
'

e

A esnr A S

e St

s

Ta | ppem gegemai s LR g YL

CONFIDENTIAL 6

& e

#

e s MR T s e . e R R ,
L 4 BT 1 4 G b6 s, 5 0 e g “
P . . .
’ . R
- 55 -~ ~
o .
- =
¢ 4
P, = . \ . . n —— % = P
Y =
I T A N e v e S Erant i = e S e e
T e ka = - et e T G




g o s oA o i S e SR T TR e
4,0. -' F"——Tg’""” __&,_;_‘_-_.———-—;—T:-A-:—_:;“—"“"; ‘Ta-_: ‘::\.T —» wvv—_'w: = 3 “"-:'}—"x*’" - r‘:* “""VZ“‘"“"' -. A
Bk 1 . %
e CONFIDENTIAL NPG REPGRT N9, 770
i | ~ Ballistic Test of Cool Propellants
b 7. PROCEDURE: o
‘g’ - _a. Ex-6721 and IHPB-S-83C were fired in the 3"/70 and 3"/50
¥ caliber guns. Ex~-6735 was fired in the 3"/50 caliber gun. o
i Muzzle veiocities, maximum pressures (copper crusher) ejections- 3
b _ times, wvisual observations and photographs of smoka, flash and SEE L P
i - carbon deposits wers obtained. Pressure-time records were DR
$ obtained at 90°F with various ignition systems. All charges K « T
i were assembled at PPD (Production Packing Depth). g SR RSN
1t : E Co
; b, Rapid fire tests were conducted with Ex-6735 in a 3"/50 PR
0 caliber Mk 22-4 gun by firing up to 175 rounds per program in e Qg,j
i 25-round bursts with a 20 second delay between each burste b e
i} These tests were conducted under a task relative to gun life " © ”
" deteérminations., Results of gun wear will be covered by separate 4 .
¥ reports. : I PR
3 ~ c. Tests were conducted to determine whether VT fuze - R R
S performance would be satisfactory with the ignition system - EYiR o
§. and charge assembly selected for the rapid fire wear trialis, o T e
8 . - ' / e
?I - d. In order to insure against obtaining hangfires or misfires .é e
i during the scheduled rapid fire wear trials with Ex-6735, tests ; PRETS |
' were conducted with Ex-6722, the pilot lo%t for Ex-6735. to , ' .
it determine the maximum black powder content of the x0a9§2/ primer
§§ which would still give relatively smooth pressure-time curvess
“ 8, RESULTS AND DISCUSSION: o
S - . A e
;} ‘The Tesults of the subject tedts are given in detail in the
i Appendices and are summarized below: ) .
g Q. Uhifoémityz :
i - : ) . L
b (1)~ Gun: 31450 Saltber, M 210
0 ; Noo o & 2403 é New)
5, No. 3 78782 %633 1380, 1519 wornd
X ‘Projectiles Mk aéa.(lBQOO 1bs.) Epsom Salt
:ﬂv - i i0a 2 [ N :
i Cartridge Case: Mk 7, Brass, Rubber Crimped  _
?; Lead Follis O grams per round on SPCG-10135
rl : Ners wide Zxecr2d - '
# _ 45 grams per round on all others
B Wad and Spacer: Cardboard, NGF-Dwge No. 132664
: - Pes. Noss 13 and 4
4 Powder Tempss 84°F on 15 Jamuary 1951
g . 90°F on all others
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; Ballistic Test of Cool Propellants , T
-] * (2) Velocity and pressure uniformity was satisfactory . _J
R { Ty for &1l groupse . _ ER S
L 1 'b. Charge Determinations - - T WA
1",' ca-,. o $ B ) £ ' : : . o ™
[E AR ! (1) 3/50 Caliber Gun g , sl
j [ ; - _ Firing conﬁitiens are the same as for Uniformity 5 |
TP b PiTingse - k o
ug i * ) 2 i) = n’f.;-
o b : - - Vel C.har.'ge Pressure ; SO
. I Powder - Gun Primer (£/ s-S (Ibs.) (£nSnio) & = e
T ; ) R : . A L |
: Ex=6721 8917 (New; Mk 42 (¢) 2700 g (a) 14.6 (a) : A |
= Ex=6721, 8917 (New) X0=~D22/195 2700 5o5 a) 14,3 (a #
<7 ] ? Ex~6721 8917 (New) Mic 42 2700 5.43 (a) 1449 (a) s
el § Ex~6735 8917 (New) XC-D22/250 2700 4.91 (a) = 14.7 (a) LI
S B - Ex~6735 7403 (New) XC-D22a/250 2700 4.88 (a)  14.9 (a) S S
I Ex-6735 7396 (New)  XC=D22a/250 2700 4,86 (a) 15,2 {a) ) 5.
“TEsEm 0 7 - Ex=6735 0 . 0“75 (Worn) XC-D22/250 2700 4.90 (a) 15,2 (a) <, o]
8 :.-;,a{'.:; b Ex-673 7643 (Worn) XC=D22a/250 2700 4,91 (a) 14.9 (a) 2 g
| IR { nx-6735' 12811 (Worn) XC~D22/250 2700 .4.85 (a) 15.2 (a) s
5 97 i Ex-6735 (Average of New and Worn Guns) 2700 4.8% (a) 15,0 (&) - SN RO
* 7%9"" :.: . ; ‘w:"
{ PRy v , IHBP°S=330 8917 (Newg . dge 42 2700 4,83 (b) 1565 (b) o
B TIHBP-S-83C 8917 (New) XC-D22/250 2700 4.91 (b)  12.8 (b B
e 4 : : oL Twe
S (a) Determined by Matched Powder Methods Matched againct A feszad
e 5 SPCG=10135 (4019 1bse, Primer Mk 42), A e
- ej { - (b) Determined by New Gun Method, : r T A
S WA ’ (c) Plus 2 empty pyralin contalners end on end around prime?‘e _
N S 4 i ' (2) Ex-6721 was too fast for the 3'/70 callber gune L T
1o wg ‘ A charge of 9,00 1bs. gave a pressure of 22,3 tsi and only S T |
i 3271 £/s veloc¢ity., It was too .slow for use in the 3'/50 caliber S ST
RN : gun regardless of ignition used, : 3 SR
1 2 N - |
! (3) Ex-6735 with the XC-D22/250 primer was ballistically P
' suitable for use in the 3"/50 caliber gun, Mk 21-O¢ The average SRR AR
1 of six firings just met the lower pressure limit of 1500 tsie . Cofe
[ (4) IHBP-Sample €3C with the XC-D22/250 primer was too NS LN
f slow for use in the 3"/50 caliber gun, but was ballistically
i; satisfactory with the Mk .42 primer. it was too fast for the o Cioep
3"/70 caliber gun, giving only 3347 £/s at a pressure 2393 tsi
§ with a- cha:.ge of 6.50 1bs,-
]
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- " Ballistic Test of Cool Propellants S B S
§: c. Pressure-time Recordss: S ) : . = ;
g" (1) The pressure-¢ime records obtained in the subject '- @
‘ tests are presented in Appendix (B). : o R R
- ! (2) Ex-6722 gave smooth curves with the XC-D22/200 and ‘ i s
RN ‘ “XC-D22/250 primers while the curves with the XC-D22/300 primer - o g
10 had slight steps in the pressure-rise portion. The XC-D22/250 ., i }
{1 - primer appeared to be the best primer from the standpoint of both K A
o » smoothness of pressure-time curves and insurance against hangfires. ] o
b 5 . . . .
LT i (3) The pressure-timeé curves obtained with Ex-6735 using . '
3 ! the ik 42 primer plus 2 empty containers were fairly smooth but - e '
T £ were riot as géod as those for Ex-6722 with the same ignition -
e ¥ i systeme Ex~6735 with all other ignition systems gave slight steps S,
Zansnl 7 in the pressure-rise section of the curves and were worse than . : i 2,
a - those for Ex-6722 under the same conditions. - o - A
* (4) Ex-6735 with a scavenger NH pbw&e,r at the base of the Ldi
i case and the XC-D22/250 primer gave curves with steps. However,. ’ e
I X . the velecity-pressure relationship, velocity and pressure uni- . . o
formity and fuze performance were satisfactory with this assembly. J i &5
R ; (5) 1In general, the curves obtained with Ex=6735 were _ S e
| i worse than those obtained with Ex=6722 for all ignition systems g N
ta = ; tested. -Since compositional differences are slight this may ' 2% {,‘;?;f-
i possibly be attributable to iire smaller perforation diameter of 3 F:,
S ! Ex-6735 relative to other grain dimensions, ) < SN
Sy % (6) The pressure-time curvé obtained with IHBP-S-~83C ) = O |
1 N 7 with the. X€=D22/250 had a slight step in the pressure~rise section - S
R b but was much bektter than the ones produced by IHBP=S-83C with the . . | ERAIEE
S g ; M 42 primér, and by NPFB=223 with the XC=DP22/250 primer. - 4 g W
. T S I
b g; d. Smoke and Flashs - AR
} ) E S T by A |
R s (1) Appendix (D) gives d summary of the composition and DO I
TR B smoke data for various powders. 4 breakdown as to ignition along I i
S & with the resultihg smcke, flash, and carbon data are tabulated in IS )
3 A ;r' y Appendices (D) and (E). Append--_ix (F) contains photogiaphs of £ e
I S b smoke and flash. ‘ = -
P T ad v {2) Ex-6735 with the XC=D22/250 primer gave as much black {7
D | : smoke as, or more than, the other non-picrite powders tested at HoE
b1 Tk servicé charge, with the exception of Ex=6721 which produced
' slightly denser smokee = -~ = . - - . - T it
e . . e
,1C0NFII?E.NTI”AL e S - jg‘
| ' ?‘ -t
\' o - - o . e '* - s
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. {3) The black smoke observed during tbe subject tests
appeared denser at the lower pressure levels, The smoke was ~ ' ,
RIS S similar in_,agypearanca‘for both the single and doublie~base non- R
ﬁ__,}, o picrite (DBP) propellants on flashless rounds with the exception NS BRI
2 ! of IX=29 (single-base) and IX-31l and IX=32 (double-base) which : P
Boe : gave dark grey smcke. Flashing rounds;hm general, produced ) '

L &5
PRSI S

K

P S
: ep® T
S

%-4 . brownish smoke although low intensity Ilashes were frequently [ S
P I . ~“acccmpanied by brown and black or brown and grey smoke. SRR 5, S
+ g - - . s i _ 3

=, : (4) The percentage of flashless rounds (and hence | R
A W rounds with black smoke) was greater on cool non=picrite (DBP) ; e
{." 1 - rounds fired with XC-D22/= primers, than on rounds fired with : 4708
A : m:j&a—:;. primers (with or without voids or boosters around tie S g |
. o primer) . '

R T , (9) There is no apparent correletion between the SO
S ¥ appearance of black smoke and ballistic regularity or the . ‘ e
| smoothness of the pressure-time curvese AP ; P
By Tad : . : : ! L . ! i,
5> St ' (6) IHPB=-S-83C, a single=base propellant (2123°K) with- ! ¥
ks se - out dinitrotciuene or &:‘ibutylphi:halate gave no black smoke when , S
Fod s § tested with the ik 42 or the XC-D22/250 primer, -The majority of ; e o
il rounds with the XC=D22/250 primers were essentially flashless ) . P
B AR vhilé all rounds, except those at low charge weight, with the ; NS
N A Mk-42 primer gave large flashes. Smoke was light grsy oir flash- : ScEEE |
T owp o less rounds and brownish on flashing rounds. As with plerite { Bl
T3 powders, strong ammonia fumes were evident on all rounds. : [ KR ;31
AT ¢ ’ g i : - . - o 2
3‘_iu.d§ _ (7). Two hundred and eighteen (218) rounds of non-picrite { w1 g
CoATER] powders fired under rapid .fire conditions were not observed for i LTy
| RS . smoke and flash and are omitted from the tabulations in | A
".'"‘; N }‘ : Appendices (D) and (E). S ' i 1
F ; P ' } AR
Ao ‘e ‘Carbon Depositss _ : . : RN |
4 v ,;‘ E. " . PR . . ] =' ) GRS . ',.'7;'0 “w"‘
e (1) :During single round firing in the subject tests; no LR PP
Yy mechanical difficulties were experienced by the formation of” : N

carbon. Hoéwever, after 139 rapid fire rounds of Ex=-6735 the d PR H
gun Jammed and. could not be fired. An examination of the breech , MY
mechanism showed it to be covered with a lgzgr,of soot and all. A S
bearing surfaces to be free of any lubricante Appendix (I) S PR

L e o i e A oy et <

*  contains photographs of the breech mechanism after jamming. . R SO
Apparently, the carbon deposition tended to "dry up” the : . LR
lubricant and caused thé moving parts to overheat and jam. R S *m%]
C . o . i Co S o |
i l ’ : ¥ '?13:"',l
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b , {2) The extent of carbon deposit, while not serious | _b,%-
© enough to cause mechanical difficulties in a few rounds of : [0
IR slow gun firing is greatly aggravatsd during extended rapid fire 1o,

= conditions, It is evident that the situation is not due to a 3 e
B few unusual rounds but to a cumulative effect as seen by the . I

g rapld fire tests. = ! S o
i . {3)  In order to proceed with the rapid fire vwear trials, ; "

, . effirts were made to eliminate carbon deposition. The usé of a ’ .

b ! scavenger NH powder-SPDN~44%8 {2621°K) at the base of the case ! S
1 g L and Ex-6735 (non-picrite 1883°K) powder on top proved satisfactory ‘ »

% o in that, while there was no apparent reduction of black smoke, ! < 3

r f there was essentially complete elimination of carbon deposition b 2

o ., @t the gun breech. Detailed results are given in Appendix (H)a } e

. i , . i E-4 q

sl . 4) Apgendix (E) shows the amount of carbon (based on : § gt

- Ex~6735 as 1004) observed in the barrel and chamber for various R )

3 o 4 powders. -The carbon deposits were cleaned out of the gun with : s
™ 8k : compressed air after every round. Appendix (G) shows photographs | R |
Bt . of the carbon remalning in the fired cases for the various , > g

- _ " powders. Various blends of NH powder NPFB-266 (2588°K) and , g
fraeil .. Ex-6735 (1883°K) gave little reduction in black smoke, and | £ .

ER -decreases in carbon deposits only in proportion to the decrease : SOV

N in the amount of the cool powder useds Unless the critical ! ot ed
| powder flame temperature for carbon formation 1ls around 2500°K i ;“R%'
R : ihis indicates that the carbon formation is duée to the initial { SR |

2 ‘reactions at the surface of ‘the powder and not the final gas ; e
Teo o0 . ‘phase reactions which would otherwise have -been altered by the 3 LTS
ff«ﬂ;ﬂ : introduction of the hotter NH powder with complete elimination % e
Lg oy ' of carbon. Although no carbon deposit was observed for IX=-29 o e, 5
Lot L j {single~base 2243°K), it was.observed for Ex-6705 (single= N
R T base 2186°K)., This may indicate tliat the critical powder flame ! ) R
be o temperature is around 2200°K. However, it should be noted that ) .@;fﬂ~
] ' IX-29 contains ethyl centralite as gta%IiZer and only 6.26% DBP - ] £+

TR to- while Ex-6705 contains DPA as stabilizer and 8.93% DBP. It is i + N

S REE 0 T 1ikely that DBP is responsible for the carbon formation since T e
e 04 i TPB-S~-83C which contains no DBP, but a rather high percentage } §::°79,
) | of ethyl centralite (7.00%) gnoéu@ed no. carbon although the ; 729

A i . flaiie temperature was only élﬁ3PKo Although the estimate of TR RO |
li;etz 05 | approximately 2200°K as the critical temperature for the single- P ;*
e, ‘ base powders containing DBP is subject to guestion because of the o

K ‘ presence of ethyl centralite in the hotter powder, it is somewhat - Sy
o . substantiated by the behavior of the IX and Ex double~base . IR |
‘powders which differ in flame temperature only as a result of . "
*  percentage diffeérences in composition. Appendix (E) indicates .
" a considerable decrease in carbon deposits for the double-base o
powders in zoing from 2025°K to 2170°K. 3
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. ? , (5) There is no apparent correlation between the 5, e
e % formation of earbom and baliistic reguiarity or the smoothness M
LY ’ of the pressure-time curves., : . - A
1, : fo VI Fuze Performances - ‘Cf;
4%3 53 . e Appendix (F) gives in detail the fﬁze7pe§forﬁance data 2k
'?@5 . obtained on programs fired using a scavenger NH powdér at the e 8

Tae | " base of the case and Ex~6735 on top with the Xc=D22/250 primer. j | INERR

B No carbon deposits were cbserved after any of the rounds, A , b,

. T " acceptable score of 64% effective was obtained on the fuze tests, : ,;%§§5
| SO | PART D s ; C
Ty E . o : . o ) : TR
e i : o o | R,
RIS L o ONCLUSIONS o , o
Df!;l: " 9« From the results of the subject testé;iitriSVconéiuaed thétg ;7 . {0
fii%gﬁ ae Ex-6721 was too fast for the:3"/7b large chamber gun ang
Voo too slow for use in the 3"/50 caliber gun, C

‘ be Ex-6735 was ballistically suitablée for use in the 3"/50

caliber gun with the XC=D22/250 primer. The pressure-time’
P - -Teeords: obteinad-witi the Wk 42 primér plus 2 empty pyraiin
PR ) containers were fairly smooth while those obtained with all

-other ignition systems had slight steps in the pressure<prise
section of the curves, - ‘ L

Co IHPBQSé83c with the XC-D22/250 primer'ﬁas too silow for
use in the 3"/50 caliber gun but was ballistically set2afnators -

> M Yl 52 AL UT 5
primer. The pressure-time ourve obtained with
XC=D22/250 primer had a siight step in the
pressure=-rise section but was much better than the ones obtained
with IHPB-S-83C using the Mark 42 primer and with YPFB=223 using
5 the'xcegzzi25bfprimer@ Ho carbon deposits were obtained with o
i - IHPR-g-83¢, o . )

S eas e T

5
i
- ?_,‘T
o
W
I+
3

ds Ex-6735 with.the XC-D22/250 primer gaveﬂas mach or more
black smoke than the;o%her,nonaﬁiCrite owders at service charge
with the exception of Ex=6721 which pro uced slightly denser
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) ec The smoke was similar in appearance (i.e. black) for : \ g
f both single and double-base céol non-picrite (DBP) propellants . AN
: on flashless rounds, with ths exception of IX=29 (singlée-base) - ; {5+ ﬁﬁ-
! '~ and IX-31 and IX-32 (double-base) which gave dark grey smoke. ) §§:
! Fiashing rounds in general produced brownish smoke although ; )
‘ low intensity flashes were firequently accompanied by brown and ; P
black or brown and grey smoke. o ot
S . C . p
f« A relationship exlists between the amount of black smoke , Eﬁz“v{
produced and the ignition systems used with cool non=picrite (DBP) ; A
powders and is dependent on the occurrence or non-occurrence of . e Y
flash, Carbon deposition was only slightly affected by changes | o °
in ignition.o : - - - X )a‘-; 4
g+ There is no apparent correlation between the appearance ’ : IS
of black smoke and carbon deposits produced with non-pierite : 2%,
propellants and ballistic regularity or the smoothness of the 1 e
pressure-time curves, - ‘ SO
o %
h. The extent of carbon deposition, while not serious encugh , e
to cause mechanical difficulties in a few rounds of slow gun , Y
firings, is greatly aggravated during extended rapid fire con- , LS
ditions. It is evident that the carbon deposits causing gun : £f°§”
operating failure are not due to a few unusuzl rounds but to a . e
cumulative effect. i , : i ¢;;%ﬁ -
i
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,T.-f‘ [ mmpﬂ.. FIRING DpaTa .
zmo’ 5 f ) ) - ‘ 4 ) B é . &A%
9.0 1 [ Gune , - 3"/50 Caliber Ik 21.0 g ,
ISR N CFo. 8917 g s 987 Dy, = 34023 f P
o | " 9403 BT 3947 "0 = 35053 i Fos
Ah B " 7575 - 52 o= 3m3a 2 = ¢
Vet | " 739 . =58 o =3agoe S e
e b { v 7643 . 2768 . n = 34e : b
LAY " o0 - : o g 1 :
; 12811 "= 2986 "= 3832 ; =
oo 5 n 165’19 : " = 1848 " = 3ung - RIS
j)% Projectiies Mk 33 (13.00 1bs,) Epsom Salt Loaded i {0 e
T H " ) . i é‘y\i 4
é,{:‘" Caz"trifdge Cases Mk 7, Brass, Rubber Crimped ; \
1 i i 5 ‘, | : ]
Yoo - = Lead Foil: 30 grams per round on SPCG-=10135" ¢ 8 E
o ¥ : L ' grams per round on all others = f I
RO T , ) 'S/y T
Wad and Spacers 'Lardboard NGF Dwge No, 132664 ; © e, )
- - . go NQSQ i 7 § i:)" },0 "1
- { R
~ Powder Temp,s 84°F on 15 January 1951 ! s, 7,
90°F on all other dates . i SR
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CONFIDENTIAL NPG REPORT NO. 770

s _
_§,a°§’ %5 : Ballistic Test of Cool Propellants.
».“}\"0:;*%-». e T P

ce ey

©
. g
-

f“"'i = "j Guns /50 Cal'i'ber R D
r:@\\% %; Cbate Number |k Mo - Eﬂ - ':EQ{_;: :
ROER . 1/20/50 30390 22 ¢ mgewo w128 -
1Y - 11/22/50 21404 - 22 - 1398.27  3%109
N 11/22/50 "‘7:-3;* f"s_j 22 1447,28 38115
\ - 11/27/50 14250 22 1467,80 34110 -
» TgITTI b

N a0 11/27/50 20249 22
P 11/21/50 21705 22
S0V m/2/50 13092 22

7+97 5002
1186,00 31105
25.86 34008

I N N Rt

L . ’ ” - SRS S M
S . {
“’tc"’"’l‘ . -
o

‘*~‘°N - : " Projectiles: - Mk 33=-0 and 31-1 (13»00 lem) Epsom Salt
° &« ?.;y{ ) . S i Loaded
Ky ” ¥ A ) v -7

g Sl ©  Lead Féils . - 4B-spams per round

::é%ﬁj‘ 5 Powders . SPDN-4438 plus Ex-6735 (as indicated)
Wed and Spacers  Gardboard, NGF Dmg. No. 132664
igﬂ'%-' : .. Pee Nos,. 13 and 4

Ignitions XC-D22/250 ‘and XC-D223/250 primers
Powder Tempos - 90°F
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= . : o a o= : ] A . bt i ~ ’d A AZAA ——'\ﬁé = %.‘Iﬁ"ﬁ‘;:i
¥ aw
M : | L & o
R CONFIDERTIAL ' KPG REPORT NO. 770 - '}
(I . 1tistic Test of Cocl QW"MW@M Tants I . K
B I T e e O I T I L I e ‘ - ‘5 I
. “6m - " Loader  Foe of ; m'{’é
. Date log Powder Charge Ho. . Rds. Firec | IR
11/2/50 (=) 13092 Ex-6735 4.89 Ibs. 928 PR |
Hhiorn I _WEILMW‘W (®) 10390 WWW -4438 0420 ', : L "
‘ ..-- 4 "MWME ‘%%«‘W SO0 40 N oy g
B =xc-onr BN 11!21!’;70 ﬂ:ﬂ 91?!)5 mm%aﬂ 0.20 ; 5
[ 75, : N . N‘.r _%;Wuw 4.6% AR8 40 7 . “‘ bt
BTSN T S . o i bt 0
”“’%‘"‘;M . 11425750 WLM . w‘mm * 5P mﬂg% %HA 040 - gag - an TR
| S~ St o, S Ex: 4439 T 9578 - : E e
%f o . mmMmmM%W‘Mmm 23179 = SEDN=-B035 7%;%&7 496 48 1 .
o J 11/27/50 (e) 14250 SPDE=-4438 0,40 : i
N . Ex~-6735 4439 489 48 ; s &
| I 11/22/950 {c) 20249  SPDH-B035 4.11 . 576 48 g -
N 12/20/50 (d) 13092 SEDN-4438 0.40
i : i " : Emﬂﬁmﬁﬁ “qf um‘mm.u ) %‘H’ “.W.“Wﬁ ¢
” 5!&‘ : 2/23/51 (<) 13092 MWWWMMM%M 0,40 | -
' }f . Ex-6735 4.41 928 175 — =
g (a) Rapid fire test mﬁ‘ﬂm-%W%W gave MWWWWWW@Wﬂmw of carbom f
i deposit arownd breech mwmhmwﬂmm resulting in breechblock ‘
¢ jamming open. ) ;
(b} Test of scavenger XH wmwmmw mm bottem mw case and non-plerite |
cool powder on top gave a small amoumt of soot om breech
- mechanism with some drying of lubricants.
f " {e) Comparlison tests of a ﬁmmwwmg@m H powder on hmhtmm of case
" with non-picrite cool powder on top versus an NH pomder
. alone showed no péréeptible difference in appearance of
5 breech mechantsm,
L (a) A ammwwwgﬂW‘WM powder on boitom of case and non-plcrite cool
| ST B powder on top Zave no carbon formation amd mo mechanical ‘
L& i Aiffiend ty ﬂw rapid fire and fuze tesis. X
e ) (e) A scavenger KE powder on bottos of e § .
: powder on top gave no carbon forma %“‘ ! 1
3 ‘ difficulty in rapid fire tests. Mlmm%zsmew whamwwmm wm ;
*.i£;=~t L 13 flashless raunds 01 tie first 25‘raund burst. Flashing .
L=y & and mWn n s - ‘&ﬂ‘mwm mwwwvx 1
N ey B  “gave f Wmmmwm 5§ WWWWW g T T gan “ ¥
AR T gave 3, and the remaining mm““ ) 1
N By flashing roonds with brown smoke wmlwu , .
S .m I. ) & ' B
W W S o v o : 4
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“Ballistic Test of Cool Propellants o
) Dates ‘13 November; 1950 - - T . *g@:’ff
¥ ’ - : o i
g Guns 3"/50 Caliber, Mk 21-0, No. 7396 : P
? = 99.0 = 3%005 e :.’":‘ : <‘: ‘ , %Q%o 4
Projectiles - M 330 {13300 1h=i7 x.cadea T
Auxiliary Detonators -Wi 44 Mod-1 Iok 3538 o - -
; Powders SPDN=4438 (0440 1bs.).on bottom c,f case _
i 7 s EX“6735 (4039 1bse) on top -
. Ignitions B xc-nzz/aso' primer :
Fuzes Mm - -
v Cavity Liners
;2 -
5 Normal
; ‘ Early Premature (heard) = 0 - ‘
x : Mo F et koo - 2 o -
gi Late Premature (heard) = '&- . 5
" " (not heard) = )
Dud (heard) = © °
) L (not heard) = 0
, Pulse on water f(heard)’ = 1
1 " " {not heard) = 0
’ No, of rounds fired 25 - .
A Score = 64% )
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| SRR I , Ballistic Test of Cool Propeliants : e

5 Dates o 20 %2%3?;2?1‘; ,}ggg (as indicated)
ot Guns 31/50 Caliber, Mk 22-4 Noo 13092
N I : ESR = 164,86 = D, = 39017 '
I se E Projectiléz Mk 33-0 {13.00 1bs.) Compe "A" Loaded
R juxtliary Detonators Mk 44 Mod 1. Tot GL-3A=C1 o
o s s “Powders SPDN-4438 (040 1bs.) on bottem of ease
| RN B . Ex-6735 {441 1bs,) on toOp :
) Igndtdo s %C-D22/250 primer S
. retr . Mk 72 Mod 3 Lot 335 (Eastman)
S Eavity Liner: ﬁif3 5:55: e T

IR
!

PR

, f';a 26 Dec 1950 20 Dec 1950 23 Feb 1951
bz e R (Rd’s‘o 20=44- (Rds 0169‘193 (Rds ° 1"25
’ E - ‘““‘\a}:’;: a‘% o = s ,i‘nclaz i ;‘ nc!-.ﬁ) . _&%ﬁ) i

Normel =15 . =16 =17

MR

L]

wun

- Barly Premature f(héa,rd)

" #  (not heard)

Late Prematurg (heard)

L " (not heard) =

pud . (heard) =

AT A RS

o

t

- O W © = O W
]

o 0o 0 & o N OWw
1]

o 6 0 v O w O W

‘ ? B (not hgard,) = = =
" _Pulse on water (neard) = - -
3 " w  (not heard) =0 S = 0_
v No. of Rds, Fired s 25 25
R " geore = 60f  Seore = 64f  Score=6EF
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